Abstract-To assess the incidence and severity of selfreported hyperhidrosis in patients with amputation and understand its effects on prosthetic fit or function, a cross-sectional survey of patients at two amputee clinics was performed.
INTRODUCTION
The number of persons living with limb loss continues to climb, from 1.6 million people living with amputation in the United States in 2005 to up to 3 million anticipated by 2050 [1] . Quality of life for people with amputation is partly dependent on the successful use of a prosthetic device [2] [3] [4] . The skin-socket interface plays a vital role in determining this success, and residual-limb skin problems have been shown to have a negative effect on prosthetic use [5] and ability to perform activities of daily living (ADLs) [6] , as well as quality of life [7] . Excessive sweating, or hyperhidrosis, was the single most reported skin problem in a survey of people with lower-limb amputation [8] ; the overall incidence has been estimated at 66 percent [9] . Heat and sweating have been identified as the most frequent amputee problem leading to a reduced quality of life, even more so than pain [10] . In a group of people with upper-limb amputation, excessive sweating was identified as the most by the Institutional Review Board of the respective institutions and informed consent was obtained from all potential participants as required. Potential participants were mailed surveys or were invited to participate at the time of a clinic visit. The study included participants with single or multiple limb amputations who were at least 6 mo post-amputation surgery with a healed surgical wound and who had a prosthetic limb manufactured for them. The study excluded those with an ankle disarticulation or partial foot amputation.
Survey Description
We developed a survey to evaluate the participants' self-reported hyperhidrosis using the HDSS and other descriptive characteristics. Participants were asked to identify the severity of sweating in their residual limb based on the HDSS. This 4-point scale is the most commonly used measurement of hyperhidrosis in dermatology, has been validated, and has strong associations with objective measures of sweating ( Table 1 ) [21] . For the purposes of this study, hyperhidrosis was defined as an HDSS score of 2. This value was chosen because patients with an HDSS of 2 are considered candidates for treatment by dermatology practice guidelines [21] .
Descriptive data including age, sex, level of amputation(s), and etiology of amputation were obtained. Participants were asked to identify how many hours per day they wore their prosthesis and whether sweating was bothersome during warm weather and vigorous activity. They were also asked to rate, on a 5-point scale, the extent to which residual-limb sweating was a problem in various seasons of the year, the interference of residuallimb sweating on prosthesis fit and function, and the type and perceived effectiveness of past or current treatments received for hyperhidrosis.
The Locomotor Capabilities Index 5 (LCI-5) was used as a measure of function in the participants with lower-limb amputation. The LCI-5 is a validated and reliable measure of function in people with amputation [22] [23] that can be self-administered; it provides a comprehensive profile of the ambulatory skills of people with lower-limb amputation who use a prosthesis. It consists of 14 questions that identify the level of independence while performing various activities, each graded on a 5-point ordinal scale for a total maximum possible score of 56. The patient is asked whether he or she would be able to perform these activities and to grade the amount of assistance he or she would need, ranging from needing Table 1 .
Hyperhidrosis Disease Severity Scale [21] .
help from another person to being able to perform the task independently without ambulation aides.
Statistical Analysis
Descriptive statistics were summarized as mean ± standard deviation or median (interquartile range) for continuous variables and as frequency and percentages for categorical variables. Because of sparseness in some categories, the Fisher exact test was used to test for association of categorical variables. The Cochran-MantelHaenszel test was used to assess for trends in the HDSS score. Repeated-measures analysis of variance (ANOVA) was used to analyze the seasonal effect on sweating as subjects provided responses for each of the four seasons. An alpha of 0.05 was used to determine significance.
RESULTS
There were 140 responders to the survey. Surveys with either missing HDSS data (n = 2) or absence of a major lower-limb amputation (n = 10) were excluded. An additional 7 subjects who reported an upper-limb amputation were excluded. Of the 140 responders, 121 subjects were included in the final data analysis. The average age of participants was 57.5 yr (range 23-87 yr), with the majority having a transtibial amputation. All subjects were at least 6 mo removed from their amputation surgery. Please refer to Table 2 for a descriptive summary of participants.
Scores on the HDSS were as follows: 1 (never noticeable and never interferes with ADLs) = 32.8 percent, 2 (tolerable but sometimes interferes with ADLs) = 54.6 percent, 3 (barely tolerable and frequently interferes with ADLs) = 6.7 percent, and 4 (intolerable and always interferes with ADLs) = 5.9 percent. Nearly 13 percent of subjects reported severe hyperhidrosis (HDSS score of 3 or 4), while an additional 55 percent reported sweating to at least be a mild problem. When the burden of sweating was queried specifically as it relates to prosthetic fit and function on a 5-point Likert scale, subjects' responses correlated strongly with HDSS scores. Specifically, the Spearman correlation between HDSS and interference with prosthetic fit was 0.726, p < 0.001, and with prosthetic function was 0.804, p < 0.001. See the Figure  for the time. There was no significant association between sweating severity and reported length of daily prosthetic use. Using the Fisher exact test, there was no significant association between HDSS and time since amputation or between HDSS and self-rated scores on the LCI-5. However, there was a significant association between level of amputation and sweating: 50 percent of those with a transfemoral amputation reported no problems with sweating. This association was significant by Fisher exact test and remained significant even after controlling for etiology of amputation and age, with an odds ratio of 0.35 (95% confidence interval: 0.14-0.89), p = 0.03.
Regarding the association between etiology of amputation and sweating, the Cochran-Mantel-Haenszel test was used to test for trends in the HDSS score. When trauma was compared with all other causes of amputation, there was a trend toward higher HDSS scores in participants with traumatic amputation (p = 0.04). However, after controlling for age, this association did not reach Age appears to have a significant association with sweating. Subjects were grouped above and below the median age of 59 yr. Of those aged 60 and older, 47 percent reported no problems with sweating (HDSS score of 1), while only 19 percent of those under age 60 reported no problems with sweating. Looked at a different way, 3.6 percent of patients aged 60 and older reported severe problems with sweating (HDSS score of 3 or 4), while 19.7 percent of those under age 60 reported severe problems with sweating. Using the Cochran-Mantel-Haenszel test of trend, subjects under 60 yr reported significantly higher HDSS scores (p < 0.001).
Not surprisingly, the participants with amputation reported a significantly higher burden of sweating during warmer seasons. With sweating treated as a continuous variable and use of a repeated-measures ANOVA, all seasons were significantly different from one other (the warmer season being comparatively more burdensome) with the exception of fall compared with spring (Table 3) . Interestingly, even in winter, 49 percent of subjects report sweating to be at least a mild problem (score of 1 on a 0-5 scale), with nearly 20 percent reporting it to be a moderate to severe problem (score of 3 on a 0-5 scale) ( Table 4) .
Subjects were also asked about a variety of possible interventions for sweating. Indeed, multiple interventions were reported for the treatment of hyperhidrosis. The most commonly used interventions were antiperspirants (prescription and over-the-counter), followed by the use of an extra sock or sheath under the liner. A variety of other methods had been tried as well (Table 5) , and 38 percent of subjects had not tried any intervention. Regarding the reported efficacy of these interventions, most were felt to be not at all helpful or only mildly helpful at least half the time. A relatively small minority reported significant relief with the interventions tried, and no interventions were superior to others. Refer to Table 5 for further details regarding the self-reported efficacy of these various interventions.
DISCUSSION
Prior reports have noted sweating to be a significant problem for people with amputation [8, 10, [24] [25] . This project sought to further explore the burden of sweating Perceived effectiveness of strategies to control sweating, all subjects.
* 0 = not at all effective to 5 = 100% effective, among those who tried strategy. Note: Subjects could select >1 intervention. Col = collective, NS = No score provided but survey indicated strategy was tried, OTC = over-the-counter.
in people with amputation by identifying potential patient-specific factors associated with sweating and exploring relationships that may lead to greater problems with sweating, as well as learning what interventions are being used by patients to address this problem. The HDSS was used in this study to quantify the incidence of clinically significant sweating. The HDSS is frequently used as a primary outcome measure in studies of hyperhidrosis in other locations, such as in axillary hyperhidrosis [26] . It is a recommended part of management algorithms for hyperhidrosis to guide clinicians in monitoring efficacy of interventions and even determining which management approaches may be most appropriate. It has previously been shown to correlate well with other quality of life measures, as well as actual measured sweat production [21] . The high correlations reported in this study between the HDSS and specific questions relating to prosthetic fit and function are important findings that validate the utility of the HDSS specifically in the amputee population. The HDSS should be regarded as an appropriate scale for measuring hyperhidrosis in people with amputation and should be included as an outcome measure in future studies. Further, it is an easy-to-use scale in clinic settings for screening for significant hyperhidrosis and for monitoring response to interventions.
This study lends further support to the fact that sweating is a common problem in people with amputation. It is more than a mere nuisance: 66 percent of subjects reported it to at least be a mild problem that interferes with optimal prosthetic fit and function, scoring 2 on the HDSS. An HDSS score of 2 is an indication to begin treatment according to published hyperhidrosis guidelines [21] . A smaller but significant 13 percent of subjects reported it to be a severe problem, for which more aggressive management may be appropriate.
A few significant factors were associated with more severe sweating. First, younger age was predictive of more severe sweating. In this study, patients who were below the median age of the total group (60 yr) were more likely to have clinically significant sweating (i.e., an HDSS score of 2). This association may reflect a greater level of activity in the younger age group or, perhaps, a natural physiologic effect to sweat less with advanced age. The observation that older individuals sweat less is not new; an epidemiologic study in 2004 showed the prevalence of sweating in the general population to be 1.7 percent in individuals older than 65 yr, but 3.5-4.5 percent in adults younger than 65 yr, a significant difference [27] .
People with transtibial amputation appear to be significantly more affected by sweating than people with transfemoral amputation. The significance of this association is uncertain. Other variables were controlled for, such as amputation etiology, age, and reported daily use of a prosthesis. Sweat gland density does not appear to vary significantly from the leg region to the thigh region [28] , so this finding may simply relate to the relative area of skin covered by liners and sleeves. Many patients with transtibial amputation utilize suction suspension, which necessitates the use of an outer sleeve, often going up to the midthigh to achieve an adequate seal. The relative surface area that is covered by prosthetic material, therefore, could be greater in people with transtibial amputation. This survey did not, however, query the type of suspension used, so this is purely speculative. Alternatively, this finding may be related to the relative activity levels of people with transtibial versus transfemoral amputation. While the LCI-5 was used in this survey to indicate the mobility capabilities of subjects, this instrument does not directly measure activity levels. It is certainly possible that people with transtibial amputation are more active and hence experience more sweating. This specific issue was not addressed in the survey.
People with traumatic amputation, in contrast to all other etiologies, appeared to also have significantly more sweating. However, after controlling for age, this association lost significance. Time since amputation was not a significant predictor of sweating. This finding demonstrates that clinicians should not assume that excessive residual-limb sweating will simply reduce over time as the individual accommodates to wearing a prosthesis. Indeed, Berke et al. surveyed both veterans and servicemembers from the Vietnam and Operation Iraqi Freedom/ Operation Enduring Freedom conflicts and found very similar rates between the two groups who reported being bothered by sweating inside their prosthetic sockets [9] .
The effect of weather is somewhat revealing. It is not surprising that subjects reported significantly more troublesome sweating in warmer seasons. It is worth noting, however, that a substantial percentage of patients reported sweating to be a noticeable issue during winter. In fact, 49 percent of the sample reported it to be at least a mild issue and 20 percent of the sample reported it to be a moderate to severe issue. It is important, therefore, for clinicians to always ask their patients whether residuallimb hyperhidrosis is an issue, regardless of the season.
When looking more closely at functional mobility of people with lower-limb amputation, the LCI-5 scores and sweating severity did not show any significant association. There was a trend for those in the most severe sweating groups to have lower LCI-5 score distribution, but this was not significant. Nevertheless, this lack of association reveals an important point. One might assume that an individual with less functional mobility independence (i.e., a lower LCI-5 score) would be less active and therefore have less of a problem with sweating. This does not appear to be the case. Rather, these data suggest that persons with low or high LCI-5 scores are equally likely to be affected by excessive sweating.
There are a few interesting observations to make from the data collected on interventions that patients try. While the problem of sweating is clearly impactful for many patients, 38 percent of all subjects choose not to do anything about it. In fact, of those who indicated they have tried nothing for sweating, 54 percent of these scored 2 on the HDSS, indicating that sweating interferes with daily activities. This may be due to a lack of perceived efficacy if interventions were tried unsuccessfully in the past but not reflected in the data collected or perhaps due to patients' lack of awareness of any available treatment options. Lastly, it may reflect poorly on healthcare providers, who may not be inquiring about this issue and therefore not educating patients about potential interventions.
It is clear that patients employ a variety of strategies in attempts to control sweating with varying levels of success. The most commonly used method, prescription or over-the-counter antiperspirants, was felt to be completely ineffective nearly 50 percent of the time and completely effective only 10-13 percent of the time. Wearing a sock or sheath under a liner was the next most frequently employed strategy, with a lower failure rate of 25 percent, but still a completely effective rate of only 7.5 percent. Conclusions as to the true superiority of one method over another cannot be drawn because these data were collected in an uncontrolled, retrospective fashion; but, these findings do support the notion that no single intervention is universally effective. Perhaps a combination of strategies needs to be employed to achieve the best patient outcome.
The results of this study may be helpful in guiding future research on the treatment of hyperhidrosis in people with amputation. At this time, there is a lack of published data on this population to guide treatment decisions. In the dermatologic literature, topical aluminum chloride is generally regarded as first-line treatment, but there are no data regarding its efficacy in patients with amputation [21] . Topical methenamine has been reported to be effective in amputee hyperhidrosis [29] . There are no convincing data that certain liner types are superior to others as it relates to sweat control [30] . Botulinum toxin is regarded as an important management option in other forms of hyperhidrosis [21] , and there are a few case reports and small case series that highlight botulinum toxin as a possible treatment in people with amputation [13, [19] [20] 31] . It may be possible for patients to be treated only once per year, given this study's finding that sweating is most burdensome in the warmer months and the long duration of action of botulinum toxin for hyperhidrosis (up to 200 d in one large trial of botulinum toxin A in axillary hyperhidrosis [32] ). However, the large surface area encompassed by the prosthetic socket and other materials may make routine use of botulinum toxin tedious and impractical. It is not currently known whether sweat production in people with amputation is uniform and global over the residual limb or whether it is a more focal issue. In other forms of regional hyperhidrosis, smaller focal areas are commonly the primary sweat producers and can easily be identified using the Iodine-Starch test [21] ; however, it is not known whether this test is feasible in people with amputation. This is an area that has not been well studied, and further research will be beneficial in providing clinicians a clear evidence base for management decisions.
Though perhaps limited by small sample size, the data obtained in this study are consistent with prior publications regarding the incidence of hyperhidrosis. While the majority of the studies published to date have focused on general skin complaints (including hyperhidrosis), this is the first study of its kind to collect data focused solely on issues with hyperhidrosis in people with amputation.
There are limitations to this study given that it is a convenience sample. There may be a possible retrospective bias due to some seasonal variation within the time at which the survey was collected, because the majority of the surveys were collected in the summer months. Given that the survey was mailed in most instances, data are occasionally missing for various questions. Further, the degree to which participants may have misread or misunderstood certain questions is unknown, though the instrument was scrutinized for readability and ease of understanding. Study participants were confined to a single geographic area. It is unknown whether patients living in other areas or more humid climates would experience more or less sweating. Though climate effect on hyperhidrosis was beyond the scope of this study, further research on the subject may aid clinicians in addressing this issue. Regardless of these limitations and the need for further research, this study supports the use of the HDSS as a viable tool for appropriately measuring sweating in people with amputation and assessing their need for treatment.
Subjects were not asked how various prosthetic systems (i.e., suspension method or liner material) had affected them or whether they had specifically accepted or rejected certain prosthetic components because of their influence on sweating. Some existing data suggest that differing suspension systems and liner materials may have an effect on sweating complaints [16, 30] , and collecting this information could have provided important additional insights into the problem. Further, subjects were not asked to identify whether they were utilizing new liner materials or suspension systems. This may be relevant, because other reports suggest wearing materials that are new to the subject's skin may produce a temporary increase in the sweating burden [14] . While acknowledging this limitation, it was not felt that this information could be reliably gathered in a mailed survey, because many patients may not know the specific materials their prosthetic components are made from.
People with upper-limb amputation were not included in this analysis because of a paucity of patients in the sample with an upper-limb amputation [7] ; it was felt that numbers were insufficient to draw conclusions with any degree of confidence. Sweating may also be significant for this population and important to address to optimize prosthetic fit and function, particularly if patients use myoelectric devices [33] .
CONCLUSIONS
In conclusion, hyperhidrosis is a common problem in this group of patients with lower-limb amputation and is associated with poor prosthetic fit and function. The HDSS appears to be a valid instrument to measure the burden of sweating in people with amputation. For people with lower-limb amputation, transtibial amputations and age (under 60 yr old) appear to be statistically significant patient-specific risk factors for hyperhidrosis. While sweating is more burdensome in warmer months, it is still frequently a problem in winter. There is no association between sweating severity and functional mobility as measured by the LCI-5, time since amputation, duration of daily prosthetic use, or etiology of amputation. Many interventions are tried by patients, albeit with variable and often no success. These results should inform clinicians of the substantial burden that hyperhidrosis plays in the lives of their patients with amputation. Although generalizations to the entire amputee population cannot positively be made from these results, these findings do confirm and augment current research and indicate the usefulness of the HDSS as a viable tool for measuring patients' hyperhidrosis and assessing treatment needs. Further research is required to provide evidence based guidelines for the management of this condition. Institutional Review: The institutional review boards at the University of Utah and Department of Veterans Affairs Salt Lake City Health Care System approved the protocol, and written informed consent was obtained from all patients participating in the study.
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